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EXPERIMENTAL STUDY 
Abstract 
Objective 
Evaluation of antimicrobial activity of Ephedra alata male plant against bacteria, fungi, yeast , 
and fungi; and tentative identification of active compounds related to its antimicrobial 
activity. 
Methods 
Four bacteria, Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus subtilis, and Escherichia 
coli and four fungi, Aspergillus fumigatus, Penicillium italicum, Syncephalastrum racemosum, and 
Candida albicans were used as test microorganisms. The stem of E. alata was extracted by 
different solvents. Thin layer chromatography was used for the separation of active 
constituents whereas mass spectrometer analysis was used for the identification of major 
fractions constituents. 
Results 
Among all solvents tested, acetonitrile extracts exhibited the most potent antimicrobial effect 
with a broad spectral range. Thin layer chromatographic separation of active constituents in 
acetonitrile extracts revealed the presence of seven fractions. All fractions showed 
antimicrobial activities with four fractions having a potent inhibitory effect. Two fractions out 
of the four were successfully identified using mass spectrophotometer analysis. The tentative 
identification revealed two compounds having an aromatic nature and were identified as 
benzo [g] pteridine -8-hydroxy-7,10- dimethyl -2,4 dione (previously reported in plants) and 
1,2-benzenedicarboxylic dinonyl ester (firstly reported natural occurrence, and thus we 
suggested calling it Alatine (1). 
Conclusion 
Alatine (1) with its broad antimicrobial spectrum could represent a good candidate for further 
microbiological and chemical analysis, and E. alata plant can be further subjected to isolation 
of the therapeutic compounds and further pharmacological evaluation. 
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Introduction 
 
edicinal plants are receiving much 
attention nowadays to meet the public 
concern of replacing synthetic medicine 
with those from natural origins. The 
growing problem of the antibiotic resistance 
along with the appearance of new infectious 
diseases rises up the necessity for finding 
replacements from natural origins 1,2. But 
better awareness through recognition of 
herbal toxicity is required to minimize the 
dangers of herbal product use 3. In the light 
of this fact, screening for potential medicinal 
plants and determination of its active 
ingredients became the scope of some 
researchers recently.  
Medicinal plants are widely distributed in 
Egypt. Ephedra alata has been commonly 
used in folk medicine in Egypt and most of 
the Arabian countries.  Ephedra alata has 
been used for treatment of asthma, hay 
fever, and the common cold. The alkaloids 
ephedrine and pseudoephedrine are active 
constituents of Ephedra alata and other 
members of the genus. These compounds 
are sympathomimetics with stimulant and 
decongestant qualities and are related 
chemically to the amphetamines. The oldest 
drug produced from some species of Ephedra 
is the Chinese ma-huang, which has been 
used in Chinese medicine for over 5000 
years to treat fever, nasal congestion and 
asthma 4,5. 
Ephedra alata is a gymnosperm shrubs, 
belonging to the family Ephedraceae and 
order Gnetales. These plants occur in Egypt 
in dry climates over a narrow area mainly in 
the Sinai Peninsula 5. They also distributed 
in North Africa, Palestine, Libya, Saudi 
Arabia and Iraq 6.  
Ephedra alata Decne is a dioecious plant. The 
male plant is erect shrubby, up to 1 m. Stem 
is much branched; branches  are rigid, 
yellowish-green and scabrous-glabrous. 
Leaves are very short, more or less 3-6 mm; 
united towards base, forming short sheath, 
margins of leaf sheathes and bracts are 
ciliated6. Staminate cones are arranged in 
axillary   clusters,  densely   crowded,  ovate,  
3-8 mm long, and with 4-6 long-stipitate 
micro-sporangia    on   a    slightly    exerted 
 
Figure 1: Morphological structure of Ephedra 
alata male and female branches showing male 
and female cones7. 
A.    Female branch.  
B. Female cone showing the membranous, 
winged bract.  
C.    Male branch.  
D.   Male cones showing microsporangia  
 
column 7.  Figure 1 demonstrates the 
morphological structure of E. alata. 
Although Ephedra alata is commonly used in 
folk medicine to treat fever, the details of the 
mechanism of action and the active 
components in this plant remain 
undiscovered. This paper aims to 
investigate the antimicrobial activity of 
Ephedra alata from desert scrub of Sinai, 
Egypt, and to tentatively identify the key 
components involved in such antimicrobial 
activity.  
 
Materials and Methods 
 
Identification of the plant 
Plant was identified by Dr. Usama El-
Magly, Botany Department, Faculty of 
Science, Ain Shams University, Cairo, 
Egypt. A voucher specimen is deposited at 
Herbarium of Botany Department, Faculty 
of Science, Ain Shams University, Cairo, 
Egypt. 
 
Preparation of plant extracts 
Plant was collected from sandy desert along 
Cairo Suez road, Egypt. Air dried and 
M
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powdered stems (5 grams) were extracted 
three times by maceration in mortar with 
different solvents such as, water, methanol, 
or acetonitrile, also water extraction of the 
sample by autoclaving with water was tried 
8. Extracts were filtered through Whatman 
No. 1 paper and solvents were evaporated. 
Extracts were reconstituted in 25 ml (20 
μg/100 μl W/V) of distilled water and then  
diluted to the desired concentration prior to 
use.   
 
Antimicrobial assay 
Four bacteria and four fungi were used as 
test microorganisms in this study. Test 
bacteria included, two Gram positive 
bacterial strains Staphylococcus aureus and 
Bacillus subtilis, and two Gram negative 
bacterial strains Pseudomonas aeruginosa and 
Escherichia coli. Test fungi included, 
Aspergillus fumigatus, Penicillium italicum, 
Syncephalastrum racemosum, and Candida 
albicans. All cultures were supplemented by 
the Regional Center for Mycology and 
Biotechnology (RCMB), Al-Azhar 
University, Cairo, Egypt. These cultures are 
isolated and identified by RCMB and belong 
to its collection as standard microorganisms 
of the genus and species. The medium used 
for growing bacteria was universal nutrient 
agar while Sabouraud and/or yeast malt 
extract agar were used for fungi 9. 
Antimicrobial activity was determined by 
agar well-diffusion method 10. Mueller-
Hinton agar medium (composition: meat 
infusion 2.0 g/l; casein hydrolysate 17.5 g/l; 
starch 1.5 g/l; agar-agar 13.0 g/l) was used 
for bacterial species, while Sabouraud agar 
medium (composition: mycological peptone 
10 g/l; dextrose 40 g/l; agar-agar 15 g/l) 
was used for fungal species. To ensure 
equality of cultured inoculums, 1 ml 
inoculum of a culture of 0.5 OD600nm was 
used. Briefly, agar plates were seeded with 
test microorganisms and kept for 30 min 
until medium solidified. 0.6 cm diameter 
well was made in agar plates using a sterile 
cork pourer. One hundred microliter of 
acetonitrile, methanol, water and autoclaved 
water extracts were added to each well. 
Distilled water and pure solvent were used 
as control in each assay. Chloramphenicol 
and terbinafin were used as antibacterial 
and antifungal reference standards 
respectively. Plates were kept for 2h at 4°C 
prior to incubation at appropriate 
temperature for bacteria or fungi to allow 
for the diffusion of extracts into agar 
medium 11,12. Plates were examined on daily 
bases for development of growth inhibition 
zones around the loaded wells. Disk 
diffusion method 13 was also employed to 
assay some plant extracts in which one 
centimeter filter disks impregnated with test 
samples were used instead of the well in 
agar plates. Each concentration is made of 
triplicate. 
 
Thin Layer Chromatography 
Thin layer chromatography (TLC) technique 
was used for separation and partial 
purification of the active fractions in crude 
plant extracts. Precoated TLC plates (Merk 
aluminum sheet, silica gel 60, 20 × 20 cm, 0.2 
mm layer thickness) were used. Diluted 
active crude extracts were loaded onto the 
base of the silica gel plates, and allowed to 
dry. A spot of terbinafin (Sigma-Aldrich, 
Germany) dissolved in chloroform: 
methanol (2: 1, v/v) was used as a reference 
standard. Samples were chromatographed 
to 17 cm in chloroform: acetone: 2-propanol 
(85: 15: 20, v/v/v) in a solvent saturated 
atmosphere. TLC plates were examined 
under white and UV light (254 and 365 nm) 
to detect separated fractions. Characteristics 
of obtained spots were recorded14,15. 
Separated spots were scraped-off and re-
extracted with acetonitrile. These fractions 
were tested for their antimicrobial activity 
by using agar-well diffusion method. 
 
Mass spectrometer analysis 
Mass spectral analyses of acetonitrile 
fractions were determined by the electron 
impact (EI) using direct sample inlet device 
(DI-50) of Shimadzu GC/MS-QP5050A. 
Mass selective detector was set at an 
ionizing voltage of 70 V. Carrier gas was 
helium. Identification of compounds was 
performed by comparing the fragmentation 
pattern of each peak of  unknown with those 
of  standard (Wiley mass spectral database). 
Ghanem and El-Magly 
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 Results  
 
Antimicrobial activity of Ephedra alata male 
plant was tested against certain bacteria 
including Staphylococcus aureus, Pseudomonas 
aeruginosa, Bacillus subtilis, and Escherichia 
coli and four fungi including, Aspergillus 
fumigatus, Penicillium italicum, 
Syncephalastrum racemosum, and Candida 
albicans. Tested microorganisms were 
selected based on their human pathogenicity 
and to evaluate the spectrum of the 
antimicrobial activity. The antimicrobial 
activity was assayed by measuring the 
inhibition zone diameter (diameter of the 
wells were excluded). Crude extracts of E. 
alata with different solvents as well as water 
revealed antimicrobial activities on test 
microorganisms with different spectral 
range and potency. Among the investigated 
extracts, acetonitrile extract exhibited the  
highest antimicrobial activity. It was the 
only extract that showed high activity 
against both, Gram (+ve) and Gram (-ve) 
bacteria as well as fungi and yeast fungi. A. 
fumigatus was the most sensitive to 
acetonitrile extract even at low 
concentrations. Methanolic extracts 
exhibited only antifungal activity rather 
than antibacterial one with A. fumigatus and 
P. italicum being the most sensitive.  
The water extract had also an antifungal 
activity against P. italicum, S. racemosum, and  
 
C. albicans. Autoclaved water extract on the 
other hand showed some antibacterial 
activity against P. aeruginosa, B. subtilis, and 
E. coli. A. fumigatus was also sensitive to 
autoclaved water extracts even at low 
concentrations. Tables 1 and 2 show the 
antibacterial and antifungal activities 
exhibited by E. alata crude extract with 
different solvents and water, respectively.  
Acetonitrile extract was selected for further 
characterization of active constituents due to 
its wide antimicrobial activity as well as its 
high potency. TLC was used to separate 
components in acetonitrile extract. 
Fractionation by TLC revealed the presence 
of 7 fractions. After chromatographic 
separation, each fraction was eluted and 
further screened for antimicrobial activity.  
All the seven fractions eluted from TLC 
plate showed antimicrobial activity against 
test microorganisms with different spectrum 
and potency. Table 3 shows the 
antimicrobial activities of all 7 fractions 
against all test microorganisms, compared  
with standard chloramphenicol as an 
antibacterial agent and terbinafin as an 
antifungal one. Generally speaking, four 
fractions (1, 2, 6, and 7) out of the seven 
were found to have the highest activity   
wider spectrum. Due to their high activity, 
fractions 1, 2, 6, and 7 were selected for 
further characterization and chemical 
identification.  
 
Table 1: The antibacterial activity of different solvent extracts of Ephedra alata 
 
 
Test 
organisms 
Plant extracts +ve control 
Chloramphenico
l (mg/ml) 
-ve 
control Acetonitrile 
 
Methanol Water Autoclaved 
water 
10-1 10-2 10-3 10-1 10-2 10-3 10-1 10-2 10-3 10-1 10-2 10-3 5 2.5 1 
Staph  aureus ++ - - - - - - - - - - - ++ ++ ++ - 
Pseudomonas + - - - - - - - - + - - +++ +++ ++ - 
Bacillus 
subtilis 
+ - - - - - - - - + - - +++ +++ ++ - 
Escherichia 
coli 
+ - - - - - - - - + - - ++ ++ ++ - 
Inhibition zones are those beyond control values. (-) no inhibition zone : less than 0.1 cm, (+) 0.1- 0.5 cm 
inhibition zone, (++) 0.6- 1.0 cm inhibition zone, (+++) 1.1- 1.5 cm inhibition zone. Reference standard 
chloramphenicol was used as an antibacterial agent and terbinafin was used as an antifungal one. Well 
diameter, 0.6 cm (100 μl of each conc. was tested). 10-fold dilutions of each extract were also assayed. 
Antimicrobial activity of Ephedra alata
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Table 2: Antifungal activity of different solvent extracts of Ephedra alata 
 
Test 
microorganism 
Plant extracts +ve control 
Terbinafin  
(mg/ml) 
-ve 
control Acetonitrile 
 
Methanol Water Autoclaved 
water 
10-1 10-2 10-3 10-1 10-2 10-3 10-1 10-2 10-3 10-1 10-2 10-3 5 2.5 1 
Aspergillus 
fumigatus 
++ ++ ++ ++ + - - - - ++ ++ + +++ +++ ++ - 
Penicillium 
italicum 
+ + + ++ + + + + - - - - +++ +++ ++ - 
Syncephalastru 
m racemosum 
+ + + - - - ++ + + - - - +++ +++ +++ - 
Candida 
albicans 
+ + + - - - + - - - - - ++ ++ ++ - 
Inhibition zones are those beyond control values. (-) no inhibition zone : less than 0.1 cm, (+) 0.1- 0.5 cm inhibition 
zone, (++) 0.6- 1.0 cm inhibition zone, (+++) 1.1- 1.5 cm inhibition zone. Reference standard chloramphenicol was 
used as an antibacterial agent and terbinafin was used as an antifungal one. Well diameter, 0.6 cm (100 μl of each 
conc. was tested). 10-fold dilutions of each extract were also assayed. 
 
Table 3: Antimicrobial activity of partially TLC purified fractions 
 
Test 
microorganisms 
Fraction recovered from TLC plat 
 
1 
 
2 
 
3 
 
4 
 
5 
 
6 
 
7 
Standard  
(5 mg/ml) 
Aspergillus 
fumigatus 
- - - - - - ++ +++ 
Penicillium 
italicum 
++ ++ - - - + ++ +++ 
Syncephalastrum 
racemosum 
- - - - + + - +++ 
Candida albicans ++ + + + + + ++ ++ 
Staph  aureus + + + ++ + + - ++ 
Pseudomonas + - - - - - ++ +++ 
Bacillus subtilis + + - - - + + +++ 
Escherichia coli - - - - - + - ++ 
Inhibition zones are those beyond control values. (-) no inhibition zone: less than 0.1 cm, (+) 0.1- 0.5 cm inhibition 
zone, (++) 0.6- 1.0 cm inhibition zone, (+++) 1.1- 1.5 cm inhibition zone. Reference standard chloramphenicol was 
used as antibacterial and terbinafin as  antifungal agents. Well diameter, 0.6 cm (100 μl of each conc. was tested)  
 
Figure 2: Mass spectra of fraction 6 and 7. When compared to standard database, the obtained spectra had a best 
match to benzo [g] pteridine – 8 – hydroxyl - 7,10 – dimethyl -2,4 dione and 1,2-benzenedicarboxylic dinonyl ester  
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Table 4: Characterization of fraction 6 and 7 as revealed by mass spectroscopic identification 
 
MW; molecular weight, MF; molecular formula
 
Mass spectrometric analysis has been 
performed to tentatively identify the 
chemical structure of selected fractions. 
Although four fractions have been analyzed, 
it was only possible to identify two active 
fractions (6 and 7), whereas fractions 1, and 
2 were beyond detection limit by available 
mass spectrometer. 
Fraction 6 and 7 were found to have an 
aromatic nature. They were tentatively 
identified as benzo [g] pteridine - 8 - 
hydroxy- 7,10 - dimethyl - 2,4 dione and 1,2-
benzenedicarboxylic dinonyl ester. Figure 2 
represents the MS spectra obtained for each 
fraction and Table 4 describes the 
characteristics and structure of fraction 6/7. 
 
Discussion 
 
Many studies reported an antimicrobial 
effect of medicinal plants extracts 16-21. 
Fraction extracted by acetonitrile was found 
to be the fraction having the most 
antimicrobial effect. This high antimicrobial 
effect comparing with other tried solvents 
might be a result of retaining higher 
quantities of natural compounds of E. alata 
having the antimicrobial effect than other 
tried solvents did.  Acetonitrile reported to 
be used by many authors for extraction of 
different components from plant tissues 22-24. 
Results in Table 2 showed a high sensitivity 
of A. fumigatus against acetonitrile fraction 
even at low concentrations. This could be 
explained on the basis of high sensitivity of 
A. fumigatus to one of the chemical groups 
found in the acetonitrile fraction. In fact this 
high sensitivity of A. fumigatus needs to be 
 more studied in order to better understand 
 
the physiology of this fungus. 
As thin layer chromatography (TLC) is one 
of the important techniques used more 
studied in order to better understand the 
important techniques used for detection and 
identification of the presence of 
pharmacologically active plant components 
25-28. Thus TLC technique was selected to be 
used for separation of components in 
acetonitrile extract. 
Four fractions (number 1, 2, 6, and 7) out of 
the seven fractions eluted from TLC were 
chosen, due to their higher antimicrobial 
activity, for identification. The mass 
spectrometer analysis technique was used in 
attempt to identify the chemical structure of 
the active fractions.  Gas Chromatography 
Mass Spectrometry (GC-MS) reported to be 
used by many authors for investigation and 
identification of unknown samples 29-31. It  
was possible to identify fractions number 6 
and 7 while fractions 1 and 2 were beyond 
detection limit. 
Fraction 6 and 7 were found to have an 
aromatic nature. Aroma compounds have 
been of high importance for folk medicine, 
classical medicine, food, perfumery and 
cosmetics since ancient times, and were 
reported to be widespread in plant extracts 
32-34.  
Fraction 6 was found to belong to Pteridine 
family composed of fused pyrimidine and 
pyrazine rings. It has a structural similarity 
to Isoalloxazines (10-substituted 2,3,4,10-
tetrahydro-benzo[g]pteridine-2,4-dione) and 
flavins (7,8-dimethyle substituted 
isolalloxazines) which are known to be 
found in plants 35. However, fraction 6 was  
found to be a 7-mono-methylated form 
C 26 H 42 O 4418
1,2 - Benzenedicarboxylic 
dinonyl ester7
C 12 H 10 N 4 O 3258
Benzo[g]pteridine - 8 -
hydroxy - 7,10 - dimethyl -
2,4dione
6
StructureM.F.M.W.IdentityFraction
Identification of active factions
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rather than dimethylated flavin analog.  
The methyl group at position 8 was replaced 
by hydroxyl one giving the 8-hydroxy form.  
Fraction 7 was the most potent antimicrobial 
component in the acetonitrile crude extract 
having 1,2-benzenedicarboxylic dinonyl 
ester structure as an active constituent, that 
might be firstly reported in plants. It is also 
the first report of natural occurrence of 1,2-
benzenedicarboxylic dinonyl ester, thus we 
suggest calling it Alatine (1).  
A new compound was isolated by Al Khalil 
et al36 having somewhat a compositional 
similarity to 1,2-benzenedicarboxylic 
dinonyl ester from the aerial part of Ephedra 
transitoria by column chromatography. The 
isolated compound identified as 4-
quinoline-2-carboxylic acid and called 
Transtorine (1). Transtorine (1) exhibited 
growth inhibitory activity against the 
common bacteria, Enterobacter cloacae, 
Escherichia coli, Pseudomonas aeruginosa, and 
Staphylococcus aureus.  
The presence of dicarboxylic groups in those 
two compounds suggests a common 
metabolic precursor of the two compounds. 
In addition, many researchers37-41 have 
found  compounds containing dicarboxylic 
acid groups and their derivatives. 
Although the production of phenyl-
etheylamine alkaloids, mainly ephedrine 
and pseudoephedrine, seems to be a 
common feature in many Ephedra species 42, 
however, quinoline-2-carboxylic acid 
alkaloids were also reported from members 
of the genus 4,36,43,44. 
Several nitrogenous secondary compounds 
with known neuroactivity, including 
nonprotein amino acids with cyclopropyl 
ring structures as well as quinoline-related 
tryptophan derivatives, have also been 
identified in Eurasian species of Ephedra 44-46, 
and macrocyclic spermine alkaloids 
designated as ephedradines were isolated 
from Ephedra root and aerial parts 47-49. 
Alatine 1 with its broad antimicrobial 
spectrum could represent a good candidate 
for further microbiological and chemical 
analysis, and E. alata plant can be further 
subjected to isolation of the therapeutic 
compounds and further pharmacological 
evaluation. Commercial manufacture of 
active constituents from E. alata plants is a 
possible in condition of studying other 
effects of isolated compounds on human 
metabolism. 
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